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(57) ABSTRACT

A method for operating a transmission (2) of a motor vehicle
includes, 1n order to trigger a gear shift in the transmission
(2), determining a trigger speed depending on a response
time ol the gear shift to be implemented, depending on a
gradient of a motor vehicle-side rotational speed, and
depending on a maximum permissible limit speed for the
motor vehicle-side rotational speed. The gear shift to be
implemented triggered on a control side as function of the
trigger speed such that the motor vehicle-side rotational
speed does not exceed the maximum permissible limit speed
during the implementation of the gear shift. The method also
include adapting the trigger speed.
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METHOD AND CONTROL UNIT FOR
OPERATING A TRANSMISSION OF A
MOTOR VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s related and has right of priority
to German Patent Application No. 102020214422 .2 filed in
the German Patent Oflice on Nov. 17, 2020, which 1s

incorporated by reference 1n 1ts enftirety for all purposes.

FIELD OF THE INVENTION

The invention relates generally to a method for operating
a transmission of a motor vehicle. Moreover, the invention
relates generally to a control unit for operating a transmis-
sion ol a motor vehicle.

BACKGROUND

A motor vehicle includes a prime mover and a transmis-
sion connected between the prime mover and a driven end.
During an implementation of a gear shift in the transmaission,
1.e., during an implementation of a gear change, a change-
over takes place from an actual gear of the implementing
gear shift into a target gear of the gear shift to be imple-
mented. A gear shift 1s triggered on the control side when a
motor vehicle-side rotational speed, 1in particular a rotational
speed of the prime mover or a rotational speed of the driven
end, reaches a trigger speed. The rotational speed of the
driven end 1s 1n a defined ratio with the rotational speed of
the prime mover depending on the ratio of the actual gear.

DE 10 2006 016 710 A1 describes a method for operating,
a transmission of a motor vehicle, namely for triggering a
gear shift in the transmission, 1n which a maximum permis-
sible prime mover speed, on the one hand, and, on the other
hand, a gear change-maximum prime mover speed, which 1s
lower than the maximum permissible prime mover speed,
are predefined. It the prime mover speed should exceed the
maximum permissible prime mover speed, the prime mover
speed must be governed. In order to prevent this, the gear
change-maximum prime mover speed 1s lower than the
maximum permissible prime mover speed. It 1s known from
DE 10 2006 016 710 Al that the trigger speed, at which the
gear shift to be implemented 1s triggered on the control side,
1s to be determined depending on the gear change-maximum
prime mover speed, depending on a gradient of the prime
mover speed, and depending on a response time of the gear
shift to be implemented. The response time of a gear shiit to
be implemented 1s the period of time that passes after a
control-side triggering of the gear shift until a speed tran-
sition begins to transition the prime mover speed from the
synchronous speed of the actual gear of the gear shift to be
implemented to the synchronous speed of the target gear of
the gear shift to be implemented.

In order to ensure the sportiest gear shifts possible, a gear
shift 1s to be triggered as late as possible and, 1n fact, at a
highest possible, permissible limit speed for the gear shift to
be implemented, which means that the gear change-maxi-
mum prime mover speed 1s to be as close as possible to the
maximum permissible prime mover speed.

The gradient of the motor vehicle-side rotational speed, as
a function of which the trigger speed for triggering a gear
shift 1s determined, 1s not exactly known. In known methods,
this can result 1n a trigger speed for triggering a gear shift to
be implemented being erroneously determined and, for the
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2

case 1n which the limit speed for the gear shift to be
implemented, which 1s also referred to as the gear change-
maximum prime mover speed, 1s close to the maximum
permissible prime mover speed, the prime mover speed
exceeds the maximum permissible prime mover speed dur-
ing the implementation of the gear shift, and so the prime
mover speed must then be governed. This 1s disadvanta-
geous.

There 1s a need to more precisely ascertain the trigger
speed for a gear shift to be implemented 1n a transmission of
a motor vehicle, and so, on the one hand, acceleration losses
can be avoided during the implementation of the gear shiit
and, on the other hand, an intervention of a governor that
governs a prime mover speed 1s avoided during the imple-
mentation of the gear shilit.

SUMMARY OF THE INVENTION

Example aspects of the mvention provide a method for
operating a transmission of a motor vehicle. According to
example aspects of the mvention, the trigger speed, as a
function of which the gear shift to be implemented 1n the
transmission 1s triggered on the control side, 1s adapted
depending on a driver-input torque. The trigger speed can be
advantageously adapted for the gear shiit to be implemented
depending on the drniver-input torque. Shift points that are
too low, with acceleration losses, as well as an intervention
of a governor that governs the prime mover speed can be
avoided.

According to one advantageous example refinement of the
invention, the trigger speed for the gear shift to be 1mple-
mented depends, furthermore, on an actual prime mover
torque that 1s actually provided, preferably depending on a
difference or a ratio between the driver-input torque and the
actual prime mover torque that 1s actually provided. For the
case 1n which the trigger speed 1s adapted for the gear shait
to be implemented also depending on the actual prime
mover torque that 1s actually provided, and, in fact, prefer-
ably depending on the difference or the ratio between the
driver-input torque and the actual prime mover torque that 1s
actually provided, the trigger speed can be even more
advantageously adapted and, in fact, while avoiding accel-
eration losses and avoiding an intervention of a governor.

According to one advantageous example refinement of the
invention, depending on the driver-input torque and prefer-
ably depending on the difference or the ratio between the
driver-input torque and the actual prime mover torque that 1s
actually provided, an oflset value 1s preferably determined 1n
a characteristic map-dependent manner, via which the trig-
ger speed for the gear shift to be implemented 1s adapted.
The determination of an offset value, as a function of which
the trigger speed 1s adapted, 1s particularly preferred.

Preferably, for the case in which the driver-input torque 1s
lower than a limit value, an offset value 1s predefined that 1s
identical for all differences or ratios between the driver-input
torque and the actual prime mover torque that 1s actually
provided. Preferably, for the case in which the dniver-input
torque 1s greater than a limit value, an oflset value 1s
predefined that 1s that much greater, the greater the differ-
ence or the ratio 1s between the dniver-input torque and the
actual prime mover torque that i1s actually provided. This
permits a particularly advantageous adaptation of the trigger
speed for the gear shift to be implemented while avoiding
acceleration losses and avoiding an intervention of a gov-
ernor.
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BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention are explained in
greater detail with reference to the drawings, without being
limited thereto, 1n which:

FI1G. 1 shows a diagram of a drive train of a motor vehicle;

FIG. 2 shows a time-dependency diagram with rotational
speed and torque profiles during the implementation of an
upshiitt;

FIG. 3 shows a time-dependency diagram with further
torque profiles.

DETAILED DESCRIPTION

Reference will now be made to embodiments of the
invention, one or more examples of which are shown 1n the
drawings. Each embodiment 1s provided by way of expla-
nation of the invention, and not as a limitation of the
invention. For example, features 1llustrated or described as
part of one embodiment can be combined with another
embodiment to yield still another embodiment. It 1s intended
that the present invention include these and other modifica-
tions and variations to the embodiments described herein.

FIG. 1 shows a highly schematic diagram of a drive train
of a motor vehicle, wherein the motor vehicle includes a
prime mover 1, a transmission 2, and a driven end 3.

The prime mover 1 can be an internal combustion engine.
Moreover, the prime mover 1 can be an electric machine. In
a hybnid vehicle, the prime mover 1 includes an internal
combustion engine as well as an electric machine.

The transmission 2 1s connected between the prime mover
1 and the driven end 3. The transmission 2 converts rota-
tional speeds and torques and provides an available tractive
force of the prime mover 1 at the driven end 3.

The transmission 2 1s an automatic geared transmission,
which provides multiple gears. The transmission 2 mcludes
multiple shift elements 4, which can be designed as friction-
locking shift elements and/or also as form-locking shiit
clements. A defined gear 1s engaged in the transmission 2
depending on which shift elements 4 of the transmission 2
are engaged or disengaged.

If a gear change or a gear shift 1s to take place from an
actual gear into a target gear, at least one previously engaged
shift element 4 1s disengaged and at least one previously
disengaged shift element 4 1s engaged.

FIG. 1 also shows control-side assemblies, namely a
prime mover control unit 5 for the open-loop and/or closed-
loop control of the operation of the prime mover 1 and a
transmission control unit 6 for the open-loop and/or closed-
loop control of the operation of the transmission 2. Accord-
ing to the dashed-line arrows, the prime mover control unit
5 exchanges data with the prime mover 1 and the transmis-
sion control unit 6 exchanges data with the transmission 2.
Furthermore, the prime mover control unit S and the trans-
mission control unit 6 exchange data with each other.

As mentioned above, a gear shiit or a gear change from
an actual gear mto a target gear can be implemented 1n the
transmission 2. A gear shift of this type 1s triggered on the
control side and, 1n fact, by the transmission control unit 6,
namely for the case 1n which a motor vehicle-side rotational
speed, 1n particular a rotational speed of the driven end 3 or
a rotational speed of the prime mover 1, reaches or exceeds
a trigger speed.

The rotational speed of the prime mover 1 1s in a defined
ratio with respect to the rotational speed at the driven end 3
depending on the ratio of the actual gear engaged in the
transmission 2.
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4

The gear shift can also be triggered as a function of a
transmission-side rotational speed.

In FIG. 2, profiles of rotational speeds n and torques M
that can arise upon implementation of an upshiit in the
transmission 2 are shown with respect to time t.

At a point 1n time t1, the implementation of an upshiit n
the transmission 2 1s demanded on the control side. A speed
transition first begins at the point 1n time 12 from a synchro-
nous speed of the actual gear of the upshiit to be 1mple-
mented toward a synchronous speed of the target gear of the
upshift to be implemented, wherein the period of time T
between the points 1n time t2 and t1 1s also referred to as the
response time t of the gear shift to be implemented.

During an implementation of an upshiit, the speed profile
nl from FIG. 2 forms for the case in which the prime mover
1 provides a constant torque M1 during the implementation
of the gear shuit.

During the implementation of an upshiit in the transmis-
s10n 2, 1t 1s to be expected that the torque M provided by the
prime mover 1 1s not constant. The torque profiles M2 and
M3 from FIG. 2 show torque profiles for cases in which the
torque provided by the prime mover 1 temporarily decreases
during the implementation of the gear shift, as the result of
which the speed profiles n2 and n3 form during the imple-
mentation of the gear shift, namely the speed profile n2 for
the torque M2 and the speed profile n3 for the torque M3.
FIG. 2 shows that the rotational speed at the end of the
response time T 1s that much lower, the greater 1s the extent
to which the torque that the prime mover 1 provides during
the implementation of the gear shift decreases during the
gear shift implementation.

Example aspects of the invention now relates to optimally
determining a trigger speed, as a function of which an
upshift to be implemented, such as an upshift in the trans-
mission 2, 1s triggered on the control side and, in fact, in
such a way that acceleration losses are avoided during the
implementation of the upshift and, moreover, 1n such a way
that a governing of the rotational speed of the prime mover
1 can be avoided.

In order to ascertain the trigger speed for a gear shiit to be
implemented in the transmission 2, the trigger speed, as a
function of which the upshiit to be implemented 1s triggered
on the control side, namely for the case in which the
particular motor vehicle-side rotational speed reaches or
exceeds the trigger speed, 1s determined depending on the
response time T of the gear shift to be implemented, which
1s known on the control side, depending on the gradient of
the particular motor vehicle-side rotational speed n, which 1s
also known on the control side, and depending on a maxi-
mum permissible limit speed of the upshift to be 1mple-
mented, which the particular motor vehicle-side rotational
speed 1s permitted to have, at most, at the end of the response
time T and which 1s predefined on the control side. Such a
determination of the trigger speed 1s already known, for
example, from DE 10 2006 016 710 Al.

According to example aspects of the invention, 1t 1s
provided that the trigger speed, which was determined
depending on the response time T of the gear shift to be
implemented, depending on the gradient of the particular
motor vehicle-side rotational speed, and depending on the
maximum permissible limit speed of the particular motor
vehicle-side rotational speed, 1s adapted and, in fact, depend-
ing on a driver-input torque and, preferably, also depending
on an actual prime mover torque that i1s actually provided by
the prime mover 1. In particular, the adaptation of the trigger
speed takes place depending on the driver-input torque and
depending on a difference or a ratio between the driver-input
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torque and the actual prime mover torque that 1s actually
provided by the prime mover 1. In the following, reference
1s made to the diflerence between the driver-input torque and
the actual prime mover torque that 1s actually provided.

In FIG. 3, torque profiles are shown with respect to time
t, namely profiles of a driver-input torque MFW and profiles
of an actual prime mover torque MIST provided by the
prime mover 1. At the point 1n time of the gear shift
implementation at the point 1n time tl, the actual prime
mover torque MIST1 1s closer to the driver-input torque
MFW than the actual prime mover torque MIST?2.

Example aspects of the mnvention provide that, depending
on the driver-input torque MFW and, preferably, depending
on the actual prime mover torque MIST that 1s actually
provided by the prime mover 1, the trigger speed, which was
determined depending on the response time T, depending on
the gradient of the particular motor vehicle-side rotational
speed, and depending on the maximum permissible limit
speed for the particular motor vehicle-side rotational speed,
can advantageously be adapted in order to implement an
upshift with the lowest acceleration losses possible, on the
one hand, and, on the other hand, avoid a governing of the
rotational speed of the prime mover 1. In the process, an
oflset value 1s determined preferably depending on the
driver-input torque and depending on the difference between
the driver-input torque and the actual prime mover torque
that 1s actually provided by the prime mover 1, on the basis
of which the trigger speed 1s adapted, wherein this oilset
value 1s preferably ascertained 1n a manner dependent on a
characteristic map.

The offset value 1s preferably ascertained in such a way
that, for the case 1n which the driver-input torque 1s lower
than a limit value, an oflset value 1s predefined that 1s
identical for all differences between the drniver-input torque
and the actual prime mover torque that 1s actually provided.

However, 1f the drniver-input torque 1s greater than a limit
value, an oflset value i1s preferably predefined that 1s that
much greater, the greater the difference i1s between the
driver-input torque and the actual prime mover torque that 1s
actually provided.

The following table represents this type of characteristic
map, by way of example.

Difference [Nm]

Driver-input torque Driver-input torque [Nm]

Actual prime mover torque 300 350 450 500 600
100 -50 -50 —-10 0 0
130 50 -50 -25 0 0
150 —-50 -50 —-50 40 40
170 —-50 -50 -75 -75 -75
220 —-50 -50 —&80 —&80 —&80

From the table presented above, it can be gathered that,
for the case 1n which the driver-input torque 1s less than a
limit value, 1n particular less than 400 Nm, a constant oilset
value of -50 rpm 1s predefined for all differences between
the driver-input torque and the actual prime mover torque.

However, 1f the dniver-input torque 1s greater than a limit
value, 1n particular, therefore, greater than 400 Nm, the size
of the oflset value depends not only on the driver-input
torque, but also on the difference between the driver-input
torque and the actual prime mover torque, wherein the oflset
value 1s that much greater, the greater the difference 1s
between the driver-input torque and the actual prime mover

torque.
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6

The tnigger speed, which was determined depending on
the response time T, depending on the gradient of the

particular motor vehicle-side rotational speed, and depend-
ing on the maximum permissible limit speed for the par-
ticular motor vehicle-side rotational speed, 1s calculated
with the oflset value.

The method 1s utilized particularly advantageously 1n
traction upshiits.

In the case of a hybrid vehicle, the driver-input torque and
the actual prime mover torque that 1s actually provided are
cumulative torques of the internal combustion engine and
the electric machine.

The driver-input torque, the actual prime mover torque
that 1s actually provided, and the difference or the ratio
between the driver-input torque and the actual prime mover
torque that 1s actually provided can be smoothed with a filter
and debounced with respect to time.

Example aspects of the invention also provide a control
unit for operating the transmission 2 of the motor vehicle,
wherein the control unit 1s the transmission control unit 6.
The control unit 1s configured for implementing the above-
described method on the control side. In order to implement
a gear shift in the transmission, the control unit determines
the trigger speed for the gear shift depending on the response
time T of the gear shift to be implemented, depending on the
gradient of the rotational speed of the prime mover 1 and/or
of the driven end 3, and depending on a maximum permis-
sible limit speed for the rotational speed of the prime mover
1 and/or of the driven end 3. The trigger speed determined
in this way 1s adapted and, in fact, depending on the
driver-input torque and, preferably, depending on the dii-
ference between the driver-input torque and the actual prime
mover torque that 1s actually provided by the prime mover
1 and, 1n fact, 1n particular to determine a characteristic
map-dependent oflset value.

The control unit 6 includes components for implementing,
the method according to example aspects of the invention on
the control side, namely via hardware-related means and
software-related means.

The hardware-related means include data interfaces for
exchanging data with assemblies contributing to the 1mple-
mentation of the method according to example aspects of the
invention. Moreover, the hardware-related means include a
processor for data processing and a memory for data storage.
The software-related means include program modules,
which are implemented for carrying out the method accord-
ing to example aspects of the invention in the control unit 6.

Modifications and variations can be made to the embodi-
ments 1llustrated or described herein without departing from
the scope and spirit of the invention as set forth in the
appended claims. In the claims, reference characters corre-
sponding to elements recited in the detailed description and
the drawings may be recited. Such reference characters are
enclosed within parentheses and are provided as an aid for
reference to example embodiments described in the detailed
description and the drawings. Such reference characters are
provided for convenience only and have no eflect on the
scope of the claims. In particular, such reference characters
are not intended to limit the claims to the particular example
embodiments described in the detailed description and the
drawings.

REFERENCE CHARACTERS

1 prime mover
2 transmission
3 driven end
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4 shift element
5 prime mover control unit
6 transmission control unit
The invention claimed 1s:
1. A method for operating a transmission (2) of a motor
vehicle, comprising:
in order to trigger a gear shift in the transmission (2),
determining a trigger speed depending on a response

time of the gear shift to be implemented, depending on
a gradient of a motor vehicle-side rotational speed, and

depending on a maximum permissible limit speed for
the motor vehicle-side rotational speed, wherein the

gear shift to be implemented 1s triggered on a control
side as a function of the trigger speed such that the
motor vehicle-side rotational speed does not exceed the
maximum permissible limit speed during implementa-
tion of the gear shift; and

adapting the trigger speed depending on a drniver-input

torque.

2. The method of claim 1, wherein determining the trigger
speed further depends on an actual prime mover torque that
1s actually provided.

3. The method of claim 2, wherein adapting the trigger
speed comprising adapting the trigger speed depending on a
difference or a ratio between the driver-input torque and the
actual prime mover torque that 1s actually provided.

4. The method of claim 1, further comprising determining,
an oflfset value depending on the driver-input torque,
wherein adapting the trigger speed comprises adapting the
trigger speed via the offset value.

5. The method of claim 4, wherein determining the oflset
value further depends on an actual prime mover torque that
1s actually provided.

6. The method of claim 3, wherein determining the offset
value further depends on a difference or a ratio between the
driver-input torque and the actual prime mover torque that 1s

actually provided.
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7. The method of claim 4, wherein determining the offset
value comprising ascertaining the oflset value with a char-

acteristic map.

8. The method of claim 4, wherein, when the driver-input
torque 1s less than a limit value, determining the offset value

comprises determining a predefined offset value that 1is
identical for all differences or ratios between the driver-input

torque and an actual prime mover torque that 1s actually
provided.

9. The method of claim 4, wherein, when the driver-input
torque 1s greater than a limit value, determining the oflset
value comprises determining a predefined offset value that
increases as a diflerence or a ratio between the driver-input
torque and an actual prime mover torque that 1s actually
provided increases.

10. A control unit configured for implementing the
method of claim 1.

11. A control unit (6) for operating a transmission (2) of
a motor vehicle, the control unit configured for:

in order to trigger a gear shift in the transmission (2),
determining a trigger speed depending on a response
time of the gear shift to be implemented, depending on
a gradient of a motor vehicle-side rotational speed, and
depending on a maximum permissible limit speed for
the motor vehicle-side rotational speed, wherein the
gear shift to be implemented 1s triggered on a control
side as a function of the trigger speed such that the
motor vehicle-side rotational speed does not exceed the
maximum permissible limit speed during implementa-
tion of the gear shift; and

adapting the trigger speed depending on a driver-input
torque.
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